Alzheimer's disease is the most common type of dementia that lacks a cure so prevention is an important aspect of care. Persons with subjective cognitive decline or mild cognitive impairment are more likely to be diagnosed with Alzheimer's disease later than cognitively healthy populations. The purpose of this literature review was to analyze the effects of physical exercise interventions on cognition in persons with subjective cognitive decline or mild cognitive impairment. A literature search was conducted using electronic databases from the beginning dates of the databases to September-23-2016. Of the 94 randomized controlled trials generated 6 subjective cognitive decline and 9 mild cognitive impairment studies met the eligibility criteria and were included in this review. The levels of study quality for subjective cognitive decline and mild cognitive impairment were 5 strong 1 moderate and 5 strong 4 moderate respectively. Interventions were aerobic, resistance, Tai Chi or multicomponent exercise. Overall 67% (10/15) of the studies showed that the interventions improved cognition compared to control or other interventions. There is a pressing need to conduct further research to establish the optimal dose of each modality for improving cognition in these populations.
Effects of Physical Exercise on Cognition in Persons with
. MCI due to AD represents cognitively symptomatic but non-demented state whose primary underlying pathophysiology is AD [3] . The presence of MCI puts individuals at a higher risk of developing AD with annual estimates ranging from 10% to15% compared to 1% to 2% among cognitively normal individuals [12] .
There is no specific cure for AD. Medications such as acetylcholinesterase inhibitors and N-methyl-d-aspartate antagonist are prescribed for persons with AD to improve cognition, but they are not disease modifying treatments [13] . Therefore delaying or slowing down the onset of AD would be important to reduce burdens to the society and patients inflicted with this illness. However, there are no current established preventive medications for AD [13, 14] .
In this circumstance non-pharmacological interventions have been tested to improve cognition in persons before the onset of AD. Physical exercise is one of these non-pharmacological interventions and its impact on cognition is known to be beneficial in non-demented persons [15] [16] [17] . There are biologically sound mechanisms that support the beneficial effects of physical exercise on cognition [18] . Specifically physical exercise has been shown to up-regulate several factors linked to neuro-protective mechanisms including BrainDerived Neurotrophic Growth Factor (BDNF) Insulin-Like Growth Factor (IGF) Vascular Endothelial Growth Factor (VEGF) body composition and antioxidant defense. These changes are followed by decreased oxidative damage as well as increased neurogenesis, synaptic plasticity, dendritic spine density, cerebral perfusion and mitochondrial function of neurons. With benign effects derived from these mechanisms physical exercise can eventually have potential to improve cognition ( Figure 1 ). Thus physical exercise can be an efficient option to diminish the risk of cognitive decline delaying the presence of AD.
Introduction
The rising prevalence of dementia is a global health issue. Worldwide about 47.5 million have dementia in 2016 and almost 7.7 million new cases are expected to occur every year [1] . The total annual costs associated with dementia are $226 billion in 2015 and estimated to exceed $1 trillion US dollars in 2050 in the United States [2] . Among all kinds of dementia, Alzheimer's Disease (AD) is the most common type and accounts for 60-80% of all dementias [1] .
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ISSN: 2376-922X AD progression. However the concepts of SCD and MCI have been defined in a variety of ways from study-specific clinical criteria to recommendations of the international workgroups [5, 11, 19] . There have been reviews which focused on aerobic exercise effects on cognition in MCI [19, 20] . In order to fill the gap with updated evidence the purpose of this review was to describe what is known about the cognitive impact of various types of physical exercise specifically on persons with SCD or MCI diagnosed with strict criteria.
Methods
Ovid MEDLINE and Ovid EMBASE databases were searched from the inception of the database through September- by combining keywords matched to Medical Subject Headings (MeSH):"Subjective cognitive complain or subjective cognitive decline or subjective cognitive impairment or subjective memory complaint or subjective memory impairment or subjective memory decline or self-reported memory failure or mild cognitive impairment" and "exercise or exercise movement techniques or exercise therapy or sports oraerobic activity/fitness/training or resistance exercise/ training or strength exercise/training or walkingor running or jogging or swimming or Pilates or yoga or Tai Chi or dance or breathing exercise or stretching or balance training or postural training" and "cognition or cognitive function". Searches were limited to human studies and published articles in all databases.
Articles were included if: 1) studies were published in English 2) studies used a Randomized Controlled Trial (RCT) design 3) participants had SCD or MCI 4) studies dealt with physical exercise interventions 5) Cognition or cognitive function was measured as an outcome.
The exclusion criteria were: 1) Studies published in a language other than English 2) Review types of commentary, non-intervention study, quasi-experimental design or case study 3) Participants without SCD or MCI 4) Interventions that did not contain physical exercise 5) Outcomes other than cognition or cognitive function.
This review defined SCD using the criteria from the Subjective Cognitive Decline Initiative (SCD-I) [5] . Persons with SCD should have: 1) Self-experienced persistent decline in cognitive capacity in comparison with a previously normal status and unrelated to an acute event 2) Normal age, gender and education-adjusted performance on standardized cognitive tests, which are used to classify MCI or prodromal AD 3) No MCI, prodromal AD and dementia and 4) SCD that cannot be explained by a psychiatric condition, neurologic disease, medical disorder, medication, or substance use. According to Vega et al. there are 3 criteria which are currently recognized to diagnose MCI [11] . This review defined MCI using either of these 3 criteria from: 1) the Mayo Clinic [9, 10] 2) the NIA-AA on MCI due to AD [3] or 3) the fifth edition of the Diagnostic and Statistical Manual for Mental Disorders (DSM-5) [21] .
Global cognition or at least one domain of specific cognitive abilities (eg. executive function, learning, memory, attention and language) was assessed by standardized neurocognitive tests or other objective measures (Tables 1 and 2 ).The matrix system after Garrard was used to summarize the included studies [22] . Lead author's name, date, purpose, study design, sample size, setting, outcomes/measures, and results were extracted (Tables 1 and 2 ). The quality of studies was assessed using the Effective Public Health Practice Project (EPHPP) Quality Assessment Tool for Quantitative Studies [23] . Ratings included: strong quality (No weak ratings among 6 categories) moderate quality (One weak rating) or weak quality (two or more weak ratings). The EPHPP has 6 categories including selection bias, study design, confounders, blinding, data collection method and withdrawals. Each category is graded as 'strong', 'moderate' or 'weak'. The category ratings together gave an overall quality rating (Tables 1  and 2 ).
A total of 94 articles were generated and 9 duplicates were removed. Of those 85 articles 47 remained after abstracts were screened for eligibility using the inclusion and exclusion criteria by the reviewer (SA). The reviewer read those 47 full text articles to assess the eligibility. Finally a total of 15 (SCD=6, MCI=9) met the eligibility criteria and were included in this review (Figure 2 ).
Results
The effects of physical exercise on cognition in SCD A total of 6 SCD studies were included in this review. Two of 6 studies were conducted in Canada (n=2) with the remaining 4 conducted in Australia (n=1) China (n=1) Japan (n=1) and the United States (n=1) [24] [25] [26] [27] [28] [29] . Five of the 6 studies were rated with strong quality and 1 with moderate quality (Table 1 ). The mean ages in the 6 studies ranged from 69 to 75. Among the 6 studies 2 used aerobic exercise, 1 used resistance exercise, 2 used either aerobic or resistance exercise and 1 used multicomponent exercise (i.e., combined aerobic/ resistance exercise) [24] [25] [26] [27] [28] [29] . Five of the 6 studies used supervised exercise but 1 study did not [26] . The exercise dropout rates were 5%, 12%, 19% or 7% to 20%. The exercise adherence rates were 78%, 80%, 86%, 88% or 54% to 60% [24] [25] [26] [27] [28] [29] . The reasons for dropout included illness and unwillingness to continue [24] [25] [26] 29] . While factors affecting exercise adherence were not reported in all included studies 1 study provided a social cognitive theory-based intervention package which comprised information on exercise programs, rewards, goal setting, time management, barriers to activity and safe exercise in order to enhance adherence [26] . No adverse events directly related to interventions were reported in the included SCD studies.
Five of the 6 studies (83%) in SCD showed that the physical exercise intervention used significantly improved cognition compared to control or other interventions [24] [25] [26] [27] [28] . For aerobic exercise each dose had its own effect on cognition. For example a 3-month group-based walking without a detail of intensity (90 minutes per session, once a week) significantly improved word fluency compared to an education [28] . A 6-month individualized walking with an intensity of 40% to 80% of the heart rate reserve (60 minutes per session, 2 times a week) was efficacious for improving verbal and spatial memory compared to a balance and tone training [24] . However a 3-month individualized dance with an intensity of 60% to75% of age-adjusted maximum heart rate (60 minutes per session, 3 times a week) resulted in global cognition improvement that was equally beneficial with a stretching [29] .
For resistance exercise each dose also had its own effect on cognition. For example a 6-month individualized weight machines or free weight training with an intensity of 2 sets of 6 to 8 repetitions (60 minutes per session, 2 times a week) significantly improved selective attention, associative and spatial memory compared with a balance and tone training [24, 25] . 3-month individualized dumbbell training with an intensity level tailored to the capability of each participant (60 minutes per session, 3 times a week) significantly improved global cognition compared to a regular lifestyle routine [27] . For multicomponent exercise, global cognition and episodic memory were significantly improved in a 6-month individualized walking and strength training without information on intensity (50 minutes per session, 3 times a week) compared with an education [26] .
Based on the results of introduced interventions aerobic exercise was effective in improving word fluency and verbal memory while resistance exercise improved selective attention and associative memory. Both aerobic and resistance exercise improved global cognition and spatial memory. Multicomponent exercise (i.e., combined aerobic/resistance exercise) was effective in improving global cognition and episodic memory.
The effects of physical exercise on cognition in MCI
A total of 9 MCI studies were included in this review. Three of 9 studies were conducted in China (n=3) with the remaining 6 conducted in Australia (n=1) Japan (n=2) the Netherlands (n=1) and the United States (n=2) [30] [31] [32] [33] [34] [35] [36] [37] [38] . Five of the 9 studies were rated with strong quality and 4 with moderate quality ( Table 2 ). The mean ages in the 9 studies ranged from 65 to 78. All 9 studies used the Mayo Clinic criteria for MCI diagnosis. Among the 9 studies 3 used aerobic ISSN: 2376-922X exercise, 1 used resistance exercise, 2 used 24-form simplified Tai Chi a form of mind-body exercise and 3 used multicomponent exercise (i.e., combined stretching/aerobic/mind-body exercise or combined resistance/aerobic/balance exercise [30] [31] [32] [33] [34] [35] [36] [37] ). Seven of the 9 studies used supervised exercise. The remaining 2 Tai Chi studies used supervision for 8 to 12 or 4 to 6 weeks but did not use supervision after this period [31, 32] . The exercise dropout rates were 4%, 6%, 10%, 17%, 21%, 22%, 27%, 35% and 46% [30] [31] [32] [33] [34] [35] [36] [37] [38] . The exercise adherence rates varied from 63%,75%, 79%, 81%, 82%, 86% to 94% with 2 studies without information of adherence rate [30] [31] [32] [33] [34] [35] [36] [37] . The reasons for dropout included illness and unwillingness to continue while 1 study reported that the adherence rate was higher in persons living with a partner [36] [37] [38] . No adverse events directly related to interventions were reported in the included MCI studies.
Five of the 9 studies (56%) in MCI showed that the physical exercise intervention used significantly improved cognition compared to control or other interventions [31] [32] [33] [34] 38] . For aerobic exercise each dose had its own effect on cognition. For example a 6-month individualized treadmill walking with anintensity of 50% to 85% of the maximum heart rate (60 minutes per session, 3 times a week) significantly improved global cognition compared with a regular lifestyle routine [38] . A 6-month individualized treadmill walking or stationary bicycle riding with an intensity of 75% to 85% of the heart rate reserve (45 to 60 minutes per session, 4 times a week) was efficacious for improving executive function compared to a stretching but the effect was more prominent in women than men [37] . In addition a 12-month group-based walking with an intensity of over 3 metabolic equivalents (60 minutes per session, 2 times a week) resulted in episodic memory improvement in men and attention improvement in women in those with better adherence [36] .
For resistance exercise a 6-month individualized weight machines or free weight training with an intensity of 15 to 18 on the Borg Scale (75 minutes per session, 2 times a week) significantly improved global cognition, executive function and visual/constructional memory compared with a combined cognitive/resistance or a cognitive training [33] . For Tai Chi effects on cognition varied by a durarion of interventions. A 5-month group-based 24-form simplified Tai Chi without a detail of intensity (at least 30 minutes per session at least 3 times a week) was efficacious for improving attention and global cognition compared to a stretching whilethe same dose of a 12-month program significantly improvedglobal cognitioncompared with a stretching [31, 32] .
For multicomponent exercise a 12-month group-based combined stretching/static bicycle riding/Tai Chi exercise without a detail of intensity (60 minutes per session, 3 times a week) significantly improved global cognition, episodic memory and language however a combined physical/cognitive activity showed better improvement on language than a multicomponent exercise [30] . Meanwhile cognitive gains differed by a duration of interventions. For example among participants with MCI a 6-month group-basedcombined muscle strength/walking/balance exercise with an intensity of average 60% of the maximum heart rate (90 minutes per session, 2 times a week) significantly improved global cognition and immediate memory compared to a health education in participants with amnestic MCI only where as the same dose of a 12-month program for participants with amnestic MCI significantly improved global cognition, immediate memory and language compared with a health education [34, 35] .
Based on the results of introduced interventions aerobic exercise was effective in improving executive function, episodic memory and attention but gender or adherence rate can play a role in an efficacy of this mode. Resistance exercise improved executive function and visual/constructional memory. Tai Chi was effective in improving attention. Aerobic, resistance and Tai Chi exercise all improved global cognition. Cognitive gainsof multicomponent exercises were similar (i.e., global cognition, episodic or immediate memory and language) despite different components: combined stretching/aerobic/mindbody exercise versus combined resistance/aerobic/balance exercise.
Discussions
This review examined the effects of physical exercise interventions on cognition in persons with SCD or MCI. Introduced interventions were aerobic, resistance and multicomponent exercise (i.e., combined aerobic/resistance exercise) for SCD as well as aerobic, resistance, Tai Chi and multicomponent exercise (i.e., combined stretching/aerobic/ mind-body or combined resistance/aerobic/balance exercise) for MCI. In these populations the findings of this review indicate that physical exercise interventions can improve cognition. Overall 67% of the studies (5 of the 6 studies in SCD and 5 of the 9 studies in MCI) indicated that the physical exercise intervention used significantly improved cognition compared to control or other interventions. Although the characteristics of samples were heterogeneous among studies, different doses of aerobic or resistance exercise had different cognitive outcomes in persons with SCD. However this finding cannot be overestimated as the dose-response relationships of aerobic or resistance exercise for SCD. An equivalent benefit on global cognition occurred between aerobic exercise and the control in 1 SCD study [29] . Difference between the groups may emerge in a different dose. A multicomponent exercise consisting of combined aerobic/resistance exercise improved global cognition and episodic memory [26] . It is possible that aerobic and/or resistance exercise may improve global cognition and/or episodic memory in the dose of this multicomponent exercise. It is noteworthy that the samples of 2 studies for SCD were only comprised of women [24, 25] . Therefore an interpretation for the influence of either aerobic or resistance exercise in SCD can be restricted.
One multi component exercise and 1 aerobic exercise lack information on specific intensity [26, 28] . This may make it hard to replicate interventions in the future. It is significant to see whether interventions'effects on cognition are prolonged as well as to help participants comply with exercise programs continuously. However most of the studies did not measure outcome variables beyond the end of the intervention period and only 1 study adopted a method (i.e., a theory-based approach) to facilitate exercise resulting in 78% of adherence rate [24, 25, [27] [28] [29] . A health behavior theoryguided approach is known to be more effective for facilitating health behavior (e.g., exercise) than a-theoretical way [39] . In this review this approach may help increase participants'adherence rate given that 2 studies without any theoretical basis showed relatively low adherence rate (i.e., 54% to 60%) [24, 25] .
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For MCI the current findings of improved global cognition and executive function from aerobic exercise interventions are consistent with previous reviews but this review added new evidence of the effects of modalities other than aerobic exercise [19, 20] . Similar to aerobic exercise in SCD the effects of aerobic exercise on cognition in persons with MCI varied depending on each dose although it should be interpreted with caution due to hetero geneous sample characteristics among studies. A gender-specific intervention effect was shown in 1 aerobic exercise study indicating a better effect on executive function in women [37] . This sex difference in cognitive response may be derived from metabolic effects of exercise. It was indicated that aerobic exercise enhanced gluco regulation and insulin sensitivity for women but not for men [37] . However this result cannot be generalized by 1 study with a small sample size (n=33).
Tai Chi is considered to be a light to moderate intensity exercise with estimated metabolic equivalents between 1.5 and 4.0 [40] . It makes comparison of the effects across exercise modes available although no specific Tai Chi intensity was reported in the included studies. The effects of introduced multicomponent exercises on cognition (i.e., improved global cognition, episodic or immediate memory and language) might come from a single mode of intervention (i.e., aerobic, resistance or Tai Chi exercise) in the specific dose of each multicomponent exercise. However it is also possible that cognitive gains could be earned by stretching or balance exercise.
It is important to note that the samples of 4 studies were only comprised of persons with amnestic MCI [31, 32, 34, 37] . Therefore the effects of Tai Chi aerobic and multicomponent exercise (i.e., combined resistance/aerobic/balance) on cognition cannot be applicable to non-amnestic MCI. A majority of studies in MCI did not measure cognition after the intervention period [30] [31] [32] 34, 37, 38] . A longer follow up time may permit identification of consistent effects of intervention on cognition. Given that persons living with a partner reported higher adherence rate monitoring from people in a trustful relationship may help participants adhere to exercise [36] . In addition considering the fact that one of the reported reasons for dropout was unwillingness finding special ways such as regular reminders or motivation to target persons with MCI may be recommended because cognitive gains can be greater in participants who conform with the exercise program [36, 38] . Given that persons with MCI preserve their independence of function in daily life and more than 76% of older adults aged 65 and over own cell phones in the United States, a motivational mobile text message which was effective in increasing walking count among non-demented older adults can be an useful option [3, 41, 42] .
Strengths and limitations
This review has comprehensively examined various modes of physical exercise and their effects on cognition in persons with SCD or MCI. However this review has some limitations. First the SCD studies in this review might include MCI populations. They completely excluded dementia but did not treat MCI criteria except for 1 study which included some MCI populations [26] . Second some cognitive measures assessing the same cognitive domain differ from study to study so the results were not always directly comparable to each other even if tests were designed to measure the same cognitive domain. Third this review is limited by the scope of the literature search. It is possible that some relevant literatures are published in databases other than Ovid MEDLINE and Ovid EMBASE. Finally the literature search was only concentrated on studies published in English. Therefore certain relevant articles might be omitted.
Implications for research and practice
This review has several implications for research. To begin with more samples defined using criteria from the NIA-AA and SCD-I are required to see the effects of physical exercise on cognition in the clinical trajectory of AD [3, 5] . Future studies can adopt ADassociated biomarkers to include these samples. AD-associated biomarkers for example low Cerebrospinal Fluid (CSF) Beta-amyloid protein (Aβ) level and hippocampal volume atrophy can be found in persons with SCD or MCI indicating a high likelihood of progression to AD [3, 43] . In addition, given that this review did not deal with a biological basis of how to improve cognition presented in Figure  1 , incorporating biological variables is recommended to see which modality can explain a certain mechanism in these populations.
Studies for SCD or MCI also need to identify the effectiveness of interventions by gender or MCI sub-types. For intervention dose future research should not omit dose information because the effectiveness of interventions can be readily translated to practice by reporting exact exercise dose. Future studies should also reflect on this review to further test the dose-response relationship as well asthe minimally-effective or optimal dose of each modality in order to improve cognition for persons with SCD or MCI. For measures and follow up periods more research is needed to measure each cognitive domain using the same standardized tools to directly compare between studies. A longer follow up period beyond the end point of the intervention is also needed because a maintenace of positive effects on cognition could give a hint for better modality or dose.
This review has clinical implications. Although there is no consensus regarding an optimal exercise mode or dose, clinicians can refer to the findings of this review when prescribing physical exercise to persons with SCD or MCI to improve cognition. After discussing the potential benefits and risks clinicians can choose appropriate modality and dose based on each person's age, medical frailty or physical fitness. Once prescribed nurses can adopt health behavior theory-based approaches to helppersons with SCD or MCI to keep exercise schedules. Adherence can be betterfacilitated by establishing rapport between nurses and participants by requesting that caregivers remind participants about their exercise program or by using ways to motivate participants to exercise such as a motivational text message.
Conclusion
As the population with AD increases, activities to maintain or improve cognition of persons at a higher risk of developing AD will be increasingly important to delay the onset of AD. Promotion of aerobic and/or resistance exercise for SCD as well as aerobic, resistance, Tai Chi and multicomponent exercise for MCI may help toward this goal.
